The aim of this study is to evaluate and develop statistical models for predicting the strength parameters (point load strength, uniaxial compressive strength and Brazilian tensile strength) of igneous rocks, using slake durability index (SDI). In this study, the index, mechanical and slake durability index parameters of the 23 rock samples collected from different locations of the Central Anatolia have been detected by testing. A very high exponential relation between the strength parameters and SDI was found out. However, it has seen that the equations developed cannot estimate the strength parameters when SDI values greater than 98%. The relationship between strength parameters and SDI was reexamined in the case of SDI values being greater and less than 98%, and very high correlations were developed for strength parameters. These developed empirical equations can be applicable for igneous rocks having similar geomechanical properties.
Introduction
The strength parameters are commonly used in rock mechanics and engineering geology designs. However, in some cases, sample preparation and conducting the tests are both costly and time consuming. As a result of this, alternative tests and/or analytical and empirical relationships between mechanical-physical properties of rocks have been developed for estimating their strength parameters. Sometimes, problems may be encountered during the preparation of test samples from incompetent rocks for alternative tests. In such cases, slake durability index (SDI) testing, for which sample preparation is easy and cheap, can be conducted. The slake durability index (SDI) test was firstly developed by Chandra (1970) and Franklin and Chandra (1972) and then standardized by ISRM (1981) and ASTM (1998) . Some researchers have suggested that index values at the end of fourth cycle should be taken as a basis (Gamble 1971 , Ulusay et al. 1995 , Gökceoğlu et al. 2000 . By using one or more properties of rocks such as index, strength, weathering, mineralogicalpetrographical properties etc., the analytical and empirical relations between SDI and different methods (simple and multiple regression analysis etc.) have been studied by many researchers (Dhakal et al, 2002 , Sharma and Singh 2008 , Sharma et al. 2011 , Yagız 2011b , Altindag 2012 , Bozkurtoğlu and Mert 2012 , Sarkar et al. 2012 . Additionally, some researchers studied the relation between strength parameters (uniaxial compressive strengths) and slake durability index (SDI) to develop an estimation equation for uniaxial compressive strength (UCS) (Cargill and Shakoor 1990 , Koncagül and Santi 1999 , Dinçer et al. 2008 , Gökceoğlu et al. 2000 , Yagiz 2011a , Yagiz et al. 2012 , Kahraman et al. 2017 ). Cargill and Shakoor (1990) have also investigated the relationship between UCS and SDI values at the end of second cycle for different rock types, and developed the equations given in Table 1 . Koncagül and Santi (1999) have studied the correlation between UCS and SDI for the Breathitt shale. Further, Gökceoğlu et al. (2000) have searched the correlation between UCS and SDI values at different cycles for argillaceous rocks. Dinçer et al. (2008) have developed the equations, given in Table 1 , between UCS and SDI values after second and fourth cycles for Quaternary caliche sediments. Yagiz (2011a) has determined a strong correlation between UCS and SDI values obtained at the end of fourth cycle for carbonate rocks. In the study of carbonate rocks, Yagiz et al. (2012) first studied the relation between UCS and SDI by simple regression analysis and then predicted the UCS of rock materials via artificial neural networks (ANN) and nonlinear regression methods. Kahraman et al. (2017) empirically determined UCS values of pyroclastic rocks by utilizing SDI values obtained at the end of fourth cycle. Koncagul and Santi (1999) indicated that physical parameters containing UCS and SDI tests shared similarities. Although the relations between SDI and UCS values of various rock types have been studied by most researchers, igneous rocks have not been studied until now. In this study, 23 igneous rocks samples having a wide range of strength parameters were examined. The aim of this study is to determine possible strength parameters to be predicted by an easily applicable SDI test that does not require sample preparation process. The UCS and PLT values have been corrected in accordance with an equivalent specimen 50 mm in diameter (Hoek and Brown 1980; ISRM, 1985) .
Abrasion Parameter
Slake durability test (SDI), which is an abrasion parameter, has been conducted according to ISRM (1981) standard.
In this study, the second cycle (Id2) of the Slake durability test has been used.
Results and Discussion
Determined index properties (dry density, porosity, water absorption by weight, compressional wave velocity), strength parameters (UCS, PLT, BTS) and slake durability index values of rock samples are given in Table 3 . The statistical analysis of the acquired data is presented in Table 4 While the UCS values of the volcanic and plutonic rocks were classified as medium to high rock class, the pyroclastic rocks vary between low and low-medium class based on Bieniawski and Bernede (1979) classification. Among the samples, the maximum and minimum BTS values were measured at sample 6 and 20, respectively, as 11.53 MPa and 1.00 MPa. The PLT values of the samples vary between 0.82 MPa and 10.40 MPa. The rock samples were classified as medium to extremely high rock according to the PLT based on ASTM (2005) classification.
The slake durability index values of the igneous rocks vary between 87.12 % and 99.63% according to the results of second cycle. The SDI values of the volcanic and plutonic rocks tested in this study fall into "very high slake durability" class according to Gamble (1971) classification. On the other hand, the SDI values of the pyroclastic rocks vary between medium high and very high slake durability class based on Gamble (1971) classification.
The relationship between strength values of the igneous rocks (UCS, PLT and BTS) and SDI (Id2) was examined by simple regression analysis. The best approximation equations having highest correlation coefficient were generated and their relationships are depicted in Figure 1 . The best relationships were determined with exponential functions and their equations are given below. A very high correlation between strength values and SDI was obtained. where BTS is the Brazilian tensile strength (MPa), Id2 is the 2 nd cycle SDI (%). When the Id2 values were higher than 98%, it was found that the points representing the values of Id2 versus strength parameters (UCS, PLT and BTS) deviated from the curves (Figure 1 a-c) . It is obvious that strength and SDI graphics indicated different trends for the values of Id2 greater and less than 98%. This can be clearly seen in data obtained from the equations (Equations 1-3 ) and compared experimental data delineated in the graphics (Figure 1d-f) . The relationships between strength and were reevaluated according to the situations where Id2 value was greater and less than 98%. The validity of derived equations was checked by means of t and F test. If the computed t and F values are greater than those which were tabulated, null hypothesis is rejected. This result shows that r value is significant. If the computed t and F values are less than those of the tabulated values null hypothesis is not rejected and r value is not significant. The computed values are greater than the tabulated t and F values showing that the models in the study are valid. For a 5% significance level (α=0.05) of improved equations, the p value was required to be smaller than 0.05. The best approximation with the highest correlation coefficients (r) was determined among these equations. The improved equations are presented in Equations 4-9. The graphics delineated for these conditions are given in Figure 2 as well. The analyses of variance for the validation of equations were performed and the results are given in Table 5 . In this test, a 95% confidence level was chosen. The developed statistical models have shown that they are confidential to estimate the strength values for a 5% significance level (α=0.05).The correlation between values of strength parameters obtained from the experimental studies and equations developed is given in Figure 3 . On the plots of UCS and BTS experiments versus estimated, the points were scattered around the 1:1 straight line (Figure 3 a  and c) . Whereas on the plot of PLT experiment versus estimated, the points representing the samples 1, 4 and 5 deviated from 1:1 straight line. Such deviations from 1:1 line should be caused by textural changes of the samples, as pointed out by Fener and Ince (2012) . The developed equations for 2 < 98 
The developed equations for 2 > 98 = 69.267( 2 ) − 6758.8
= 4 
Where UCS is the uniaxial compressive strength (MPa), PLT is the point load test (MPa), BTS is the Brazilian tensile strength (MPa), Id2 is the 2 nd cycle SDI (%).
Findings of some researchers (Cargill and Shakoor 1990 , Gökceoglu et al. 2000 , Yagiz et al. 2012 , who studied on various rock types (sandstone, carbonate rocks, argillaceous) were compared with those of this study, and were showing in Figure 4 . In the Figure 4 , it is clearly seen that values of Id2 present different curves when they are greater and smaller than 98%, except for a few points. 
Conclusions
In this study, it was aimed to estimate the strength values of the igneous rocks by SDI test that is easy (Cargill and Shakoor 1990 , Gökceoglu et al. 2000 , Yagiz et al. 2012 The reliability of the developed equations was verified by statistical tests (t test and F test). It was observed that in the plots of observed UCS and BTS values versus estimated values, the points were scattered uniformly around the 1:1 line suggesting that the models are reliable for the estimating of strength parameters of igneous rocks.
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